Kinetic analysis of the interaction of the C1 domain of protein kinase C with lipid membranes by stopped-flow spectroscopy.
The diacylglycerol (DG)/phorbol ester-dependent translocation of conventional protein kinase C (PKC) isozymes is mediated by the C1 domain, a membrane-targeting module that also selectively binds phosphatidylserine (PS). Using stopped-flow spectroscopy, we dissect the contribution of DG/phorbol esters (C1 ligand) and PS in driving the association and dissociation of the C1 domain from membranes. Specifically, we examine the binding to membranes of the C1B domain of PKCbeta with a substituted Trp (Y123W) whose fluorescence is quenched upon binding to membranes. Binding of this construct (C1Bbeta-Y123W) to phospholipid vesicles is cooperative with respect to PS content and dependent on C1 ligand, as previously characterized. Stopped-flow analysis reveals that the apparent association rate (k(on)(app)), but not the apparent dissociation rate (k(off)(app)), is highly sensitive to PS content: the 60-fold increase in membrane affinity for vesicles containing no PS compared with 40 mol % PS results primarily from a robust (30-fold) increase in k(on)(app) with little effect (2-fold) on k(off)(app). Membrane affinity is also controlled by the content and structure of the C1 ligand. In contrast to PS, these ligands markedly alter k(off)(app) with smaller effects on k(on)(app). We also show that the affinity for phorbol ester-containing membranes is 2 orders of magnitude higher than that for DG-containing membranes primarily resulting from differences in k(off)(app). Our data are consistent with a model in which the C1 domain is recruited to the membrane via an initial weak electrostatic interaction with PS, followed by a rapid two-dimensional search for ligand, the binding of which retains the domain at the membrane. Thus, PS drives the initial encounter, and DG/phorbol esters retain the domain on membranes. The decreased effectiveness of DG compared with phorbol esters in retaining the C1 domain on membranes contributes to the molecular dichotomy of the rapid, transient nature of DG-dependent PKC signaling versus the chronic hyperactivity of phorbol ester-activated PKC.